I
nflammation and the systemic immune response are believed to play a central role in the initiation and propagation of atherosclerosis. 1, 2 Although many risk factors have been linked with the development of atherosclerosis, the exact role of certain chronic infections and the inflammatory response is not yet clear. Periodontitis is a chronic inflammatory disease, with a primary bacterial etiology resulting in inflammatory processes that lead to the destruction of the supporting structures of the teeth. The degree of chronic periodontal destruction is largely determined by the individual inflammatory response of the patients. 3 The main bacterial species implicated in the disease process are Gram-negative, anaerobic, and facultative microorganisms. Several studies, [4] [5] [6] [7] [8] [9] [10] [11] including cross-sectional, case-control, and longitudinal studies, imply an epidemiologic association between cardiovascular diseases (myocardial infarction and atherosclerosis) and periodontitis. In addition, some evidence points to periodontal pathogens causing atherosclerosis in experimental animal models. Porphyromonas gingivalis has specifically been shown to directly induce and accelerate atherosclerosis in atherosclerotic prone mice, 12 a process that was connected with increased serum levels of proinflammatory cytokines. Data from a human clinical study has shown that patients experiencing non-fatal myocardial infarction were significantly more likely to harbor P. gingivalis than control patients without cardiac disease. 13 In addition, numerous periodontal pathogens, including P. gingivalis, have been detected in human atheromatous plaques obtained during endarterectomy. 14 Despite the growing data supporting a possible relationship between periodontal disease and atherosclerosis, this question is still open.
Our study evaluated the relationship between the extent and severity of periodontal disease and the severity of coronary artery disease (CAD), as well as the clinical cardiac status of the patients undergoing diagnostic coronary angiography. Specific periodontal pathogens isolated from the periodontal pockets of these patients and serum inflammatory markers were evaluated to assess their role in coronary heart disease.
MATERIALS AND METHODS

Patients
Consecutive patients referred to the Heart Institute of the Hadassah-Hebrew University Medical Center for diagnostic coronary angiography were included in this cross-sectional study from September 2001 to April 2002. All patients signed a written informed consent form to participate in the study. The study protocol and the informed consent were approved by the Hadassah-Hebrew University Medical Center Institutional Committee for Human Studies.
Clinical Procedures
The following patient data were recorded during a personal interview: age, gender, body mass index (BMI), smoking status, the presence or absence of hypercholesterolemia (>200 mg/dl), hyperlipidemia (lowdensity lipoprotein [LDL] >130 mg/dl, high-density lipoprotein [HDL] < 35 mg/dl), high serum triglycerides (>200 mg/dl or lipid-lowering therapy), diabetes (fasting plasma glucose >126 mg/dl or glucoselowering treatment), hypertension (blood pressure >140/90 mmHg measured on several occasions or antihypertensive treatment), and family history of CAD.
Clinical Status
The patients were selected according to the clinical indication for the coronary angiogram. Patients with symptoms of unstable angina or myocardial infarction made up the acute coronary syndrome (ACS) group, whereas patients who were referred for an elective diagnostic angiogram and had not undergone an acute coronary event in the preceding 6 months were defined as the stable group. Criteria for unstable angina were based on a clinical diagnosis on admission. Diagnosis of acute myocardial infarction (AMI) was based on clinical diagnosis and by compatible electrocardiographic changes and/or elevated myocardial biochemical markers. The number of patients included in each clinical group was predetermined at 100 patients. When this number was attained, recruitment of patients into the group was terminated.
Angiographic Status
The angiographic assessment of the severity of the coronary disease was rated according to the number of obstructed coronary arteries and the degree of coronary narrowing based on high-quality film angiograms. An experienced angiographer blinded to the study data assessed the number of coronary vessels (i.e., number of coronary vessels with >50% obstruction).
Periodontal Status
The periodontal assessment of each patient enrolled in the study was carried out in the Heart Institute using a portable dental chair or with the patient seated in bed and a portable light source. Patients admitted with ACS were examined within the first 3 days after admission, and the elective patients were examined before the angiographic study. The examination was carried out using a dental mirror and a University of North Carolina (UNC)-15 periodontal probe. ‡ Each patient underwent a full periodontal evaluation by a trained dentist. All teeth excluding third molars were examined. The presence or absence of supragingival plaque was recorded at four surfaces per tooth (mesio-buccal, disto-buccal, mesio-lingual, and disto-lingual), and the plaque score was calculated (percentage of tooth surfaces with plaque). This value represents a measure of the infectious burden associated with the periodontal tissues. The gingival index 15 was measured on a scale of 0 to 3 at the buccal and lingual surfaces of each tooth. The presence or absence of bleeding on probing (BOP) was evaluated on a dichotomous scale at six sites per tooth (mesio-buccal, mid-buccal, distobuccal, mesio-lingual, mid-lingual, and disto-lingual) and expressed as a percentage of the total number of sites examined. Gingival index and BOP represent measures of the severity of the inflammatory burden (inflammatory response) within the gingival tissues. Probing depths (PDs) and gingival recession were measured at the same six sites per tooth as was BOP, and the clinical attachment level (CAL) was calculated as the sum of the PD and recession at each site. The number of missing and mobile teeth was recorded. Mobility was expressed as a percentage of the total number of teeth. These parameters (PD, recession, CAL, tooth mobility, and missing teeth) represent measures of cumulative periodontal tissue destruction.
Bacterial Sampling
Specific subgingival periodontal pathogens were assessed in pooled bacterial samples from the three deepest periodontal pockets of each patient. Samples were collected using paper points that were inserted to the depth of the assigned pockets and left for 10 seconds. The paper points were transferred to a single tube and stored at -20°C. After all samples were collected, they were mailed at ambient temperatures to a commercial laboratory for analysis. § Using specific probes designed by commercial laboratories, the following periodontopathic bacteria were identified and quantified: Actinobacillus actinomycetemcomitans, Tannerella forsythensis, P. gingivalis, and Treponema denticola, as well as the total bacterial load. The small subunit ribosomal RNA (ssrRNA) of each of the bacteria was detected by standard dot-blot hybridization techniques 16 ,17 using 32 P-labeled specific probes. In addition, a universal bacterial probe was used to quantify the total bacterial load.
A. actinomycetemcomitans, T. forsythensis, P. gingivalis, and total bacterial load probes 17i and the probe ¶ for T. denticola were obtained. Blots were quantified by direct counting. # Results are given as the percentage of each specific bacterial species in the total bacterial load.
Blood Profile of Acute-Phase Proteins Venous blood was drawn, and aliquots were either analyzed for inflammatory markers or frozen and stored at -80°C until used for cytokine analysis. Systemic markers of inflammation included erythrocyte sedimentation rate, a complete differential blood count, and fibrinogen levels; C-reactive protein was measured using a standard kit;** serum cytokines, including interleukin (IL)-1b, IL-1 receptor antagonist (IL-1RA), tumor necrosis factor-alpha (TNF-a,), IL-6, IL-8 ,and IL-10, were measured in triplicate using enzyme-linked immunosorbent assay (ELISA) kits. † †
Statistical Analysis
Means and percentages of major risk factors, clinical periodontal parameters, bacterial counts, inflammatory markers, and cytokine levels were calculated for both groups in each cardiac category (clinical presentation and angiographic coronary severity assessment). The significance of any difference in the means was tested using the independent sample Student t test. Qualitative parameters (risk factors and demographic parameters) were compared using x 2 and Fisher exact tests. The relationship between two quantitative variables was assessed using the Pearson correlation coefficient. Data are presented as mean -SD unless stated differently.
Logistic regression models were used to examine the effect of the independent periodontal variables on the two dependent clinical outcomes (CAD and ACS), controlling for the independent sociodemographic and risk factors. One set of models tested the effect of the independent variables on the severity of CAD (0 to 1 or 2 to 3 vessel obstruction >50%), whereas the second set examined the effect of the independent variables on the clinical cardiac status (ACS/stable).Only those variables that were significant in the univariate analysis of each cardiac category were entered into each model.
All significance levels were two-tailed, and P £0.05 was considered statistically significant.
RESULTS
Two hundred one patients participated in the study, four of whom did not undergo angiography. Table 1 lists the cardiac status including the angiographic assessment and the clinical diagnosis of the study population at presentation. Twenty-eight patients had nonobstructive disease, with none of the vessels showing ‡50% obstruction, 17 of whom were found to have normal coronary arteries. Table 2 lists the demographic parameters and distribution of risk factors in the study population. The patients were evaluated according to coronary angiographic results and their clinical status. Based on the angiographic results, patients were divided into two groups according to the number of vessels involved. Mild CAD included patients with minimal or single-vessel disease, and severe CAD included patients with multivessel disease. Based on the clinical evaluation, patients were divided into stable and ACS groups. Most of the study participants were men (87.10%), with a mean age of 58.27 -10.81 years (range, 35 to 88 years). Of the 150 non-smokers, 73 were past smokers.
Dental Examination
Dental examinations were carried out on 201 patients, the results of which are shown in Table 3 . The average number of teeth per patient was 20 -6.70, and the average number of sites was 119.30 -39.90. The study population had high bacterial plaque scores (mean plaque score = 95.61 -8.39%), severe gingival inflammation (mean gingival index = 1.62 -0.26), and a high percentage of sites that bled on probing (mean BOP score = 78.18 -19.60%); furthermore, the PD, CAL, and tooth mobility measures indicated severe periodontal destruction in this population.
Relationship Between Periodontal Disease and Obstructive Vessel Disease Table 3 presents the distribution of clinical periodontal parameters according to the angiographic status of the coronary arteries and the clinical cardiac status (stable/ACS). P values were obtained using univariate statistical analysis. Patients with severe CAD had significantly more periodontal destruction than those with mild CAD. The mean CAL, the mean recession, and the percentage of teeth with CAL of ‡5 mm were significantly higher in the severe CAD group compared to the mild CAD group (P = 0.02, P = 0.001, and P = 0.002, respectively). The mean PD and the percentage of teeth with PD ‡5 mm were greater in the severe CAD group than in the mild CAD group, but the difference did not reach statistical significance. In addition, the mean number of missing teeth per patient was significantly higher in patients with severe CAD (P = 0.03); these patients also had a higher mobility score than mild CAD patients (P = 0.08). The inflammatory periodontal parameters (mean gingival index, plaque score, and BOP score) were almost identical for the two groups. When dividing the study population into those with normal coronary arteries (N = 17) and those with evidence of CAD, patients with CAD (N = 184) showed significantly more periodontal destruction. The mean CAL, the mean recession, and the percentage of teeth with CAL ‡5 mm were significantly greater among the CAD patients compared to those having normal coronary arteries (P = 0.05, P = 0.001, and P = 0.01, respectively). The mean PD and the percentage of teeth with PD ‡5 mm were greater in the CAD group but did not reach statistical significance. In addition, the mean number of missing teeth per patient was greater in patients with CAD (P = 0.08). In contrast to the measures of cumulative periodontal destruction, no significant differences were detected in the inflammatory periodontal parameters (mean gingival index, plaque, and gingival bleeding scores) between the normal coronary artery and CAD groups.
Of the significant periodontal parameters in the univariate analysis that were entered into the regression analysis model, we used only CAL ‡5 mm because of its interdependence with mean recession and mean CAL.
The only risk factors/parameters significantly associated with the severity of vessel disease as determined by regression analysis were age (odds ratio [OR] = 1.05; 95% confidence interval [CI]: 1.01 to 1.08; P = 0.01), hyperlipidemia (OR = 3.09; 95% CI: 1.56 to 6.11; P = 0.001), and percentage of teeth with CAL ‡5 mm (OR = 1.02; 95% CI: 1.01 to 1.04; P = 0.001; Table 4 ).
Relationship Between Periodontal Disease and Clinical Cardiac Status
Patients with ACS had a significantly higher mean gingival inflammation index and bacterial plaque score compared to the stable group (P = 0.04 and P <0.0001, respectively; Table 3 ); the gingival bleeding score showed a similar trend but did not reach statistical significance. Of the periodontal parameters representing cumulative destruction of the attachment apparatus, only the percentage of teeth with CAL ‡5 mm was significantly higher in the ACS group (P = 0.04).
To examine the effect of the independent variables on the severity of ACS, two regression analysis models were used to eliminate the interdependence between plaque score and the specific counts of the bacteria in the plaque. In the first model, the effect of the percentage of teeth with CAL ‡5 mm, the plaque score, and the gingival index on ACS were examined controlling for diabetes, smoking, and family history of cardiac disease, whereas in the second model, the effect of the specific bacterial counts on ACS was examined controlling for the same variables. The first model showed that diabetes (OR = 2.59; 95% CI: 1.19 to 5.63; P = 0.02), current smoking (OR = 4.08; 95% CI: 1.81 to 9.19; P = 0.001), and the periodontal variable, plaque score (OR = 1.14; 95% CI: 1.07 to 1.23; P <0.0001), remained significantly associated with clinical cardiac status. Mean gingival index was not significant in this model (Table 5 ). When the specific Table 5 ).
Relationship Between Periodontal Pathogens and Cardiac Disease Table 6 presents the distribution of the bacterial pathogens (mean percentage of each species in the total bacterial count) according to the severity of coronary vessel obstruction and the clinical cardiac status. P. gingivalis, A. actinomycetemcomitans, T. forsythensis, and T. denticola were detected in 86%, 25%, 90%, and 85% of the population, respectively. Patients with ACS harbored a significantly higher percentage of P. gingivalis than patients in the stable category (P <0.0001). Further analysis of the subset of patients that were positive for P. gingivalis showed a significantly higher bacterial percentage in the ACS group compared to the stable group (9.63 -7.30 versus 1.91 -1.46, respectively; P <0.001). Among patients that were positive for A. actinomycetemcomitans, higher, but not significant, counts were observed in the ACS compared to the stable group (0.34 -0.57 versus 0.24 -0.26, respectively; P = 0.59). The counts of the other two examined pathogens (T. denticola and T. forsythensis) were significantly higher in the stable group. The percentage of P. gingivalis was significantly higher in patients with CAD compared to patients with normal coronary arteries (P <0.001); this relation remained consistent for the subset of patients that were positive for P. gingivalis (CAD = 5.99 -6.62; normal coronary arteries = 1.76 -1.42; P <0.001). All pathogens examined were positively associated with the severity of the vessel disease, but none were statistically significant. Table 7 lists the distribution of the acute-phase proteins, including markers of inflammation and cytokines, between the acute and stable patient groups. All inflammatory markers and cytokines were elevated in patients with ACS, with differences significant for all markers except IL-8 and IL-10. No significant differences were detected in the levels of inflammatory markers in patients grouped according to their coronary artery disease status.
Inflammatory Markers and Serum Cytokine Levels
Significant correlations of IL-6 with both plaque score (R = 0.25; P = 0.007) and mean gingival index (R = 0.22; P = 0.01) were detected. In addition, significant but weak correlations of TNF-a with mean CAL (R = 0.19; P = 0.04), mean recession (R = 0.19; P = 0.03), and percent tooth mobility (R = 0.21; P = 0.02) were found.
DISCUSSION
Our results, as presented here, are in accordance with a growing body of data that strongly established an epidemiologic association between two chronic inflammatory diseases: atherosclerosis and periodontitis. Matilla et al. 5 were the first to report an association between dental infections and severe coronary atherosclerosis diagnosed by angiography; however, their dental examination was limited to pan tomography radiographs, which interpreted all oral pathologies without specific focus on periodontal conditions. Abou-Raya etal. 18 evaluated50patients angiographically and reported a strong independent association between pan tomographic index representing the severity of the dental disease and CAD. Although Malthaner et al. 19 found that chronic periodontal indices were significantly associated with angiographic CAD, after adjustment for confounding factors, the significance was less pronounced. Further support for the association between atherosclerosis and periodontitis can be found in two recent studies 20, 21 showing that subclinical CAD was significantly associated with chronic periodontitis severity after adjustment for major risk factors for atherosclerosis. Several studies [22] [23] [24] [25] published in the last few years did not report significant correlations between periodontitisand CAD. However, in contrast to our study, those results were based on either self-reported periodontitis or on prospective data of patients with dental disease who had experienced their first cardiac event.
In our patients, the severity of CAD, as diagnosed by angiography, was significantly associated with the parameters of periodontal disease that best represent the cumulative destructive outcome of longstanding periodontitis (i.e., missing teeth, recession, CAL). This point was further strengthened by the finding that all patients with CAD showed significantly more periodontal destruction than those with normal coronary arteries, even though the group with normal arteries was small (recession, CAL). The regression analysis, adjusting for major cardiac risk factors, showed that periodontal destruction as indicated by the percentage of teeth with CAL ‡5 mm was a significant independent factor associated with the severity of CAD, whereas the markers of periodontal infection (plaque score and specific periodontal pathogens counts) were clearly associated with acute coronary disease in our patients. However, in a recent publication, Desvarieux et al. 21 showed that the same periodontal pathogens examined in our study were directly related to subclinical atherosclerosis in a population with no history of cardiovascular disease. Their findings are in contrast to ours and probably reflect the difference in the study populations.
The association between CAD and the destruction of the periodontal attachment apparatus is certainly interesting. Both diseases are chronic inflammatory processes; this, in turn, may imply that the two either share a common pathogenesis based on similar genetic and/or yet unknown environmental factors or that non-specific activation of the inflammatory cascade in chronic periodontitis may play an important role in the development of CAD.
The correlation found between the measures of periodontal infectious/inflammatory burden (plaque score, gingival index, P. gingivalis, T. denticola, and T. forsythensis) and the acute presentation of cardiac symptoms can be more easily explained. It has been suggested that the local inflammatory process associated with the periodontium may trigger an immune activation as observed by the high levels of cytokines and increase the likelihood of plaque rupture leading to ACS. [26] [27] [28] It was also proposed that periodontal pathogens (P. gingivalis) may directly or indirectly affect the atheromatous plaque leading to rupture and embolization. 29 In a recent study, Bazile et al. 30 showed in 80 patients that only the periodontal inflammatory indices gingival index and BOP were associated with AMI. The above data support the hypothesis that there is a relationship between the infective/inflammatory load and the occurrence of acute cardiac symptoms.
A possible confounder that was not accounted for in the logistic regression analysis was the possibility that the hospitalization of the ACS patients for up to 3 days before measuring the plaque levels would bias the plaque score outcome to the detriment of these patients. However, because of the extremely high plaque scores for the whole study population (mean plaque score, ;96%), the influence of this confounder would be minimal.
As shown in our study and reported previously, [31] [32] [33] the proinflammatory cytokine IL-6, a key factor in the inflammatory process, was elevated in patients with ACS and correlated with the measures of periodontal inflammation (plaque score and gingival index). This association supports the hypothesis that increased serum IL-6 levels (and other inflammatory mediators) that result from periodontal infections may trigger the rupture of atheromatous plaques, resulting in ACS. 34 The fact that the mean percentage of P. gingivalis in the ACS group was four-fold higher than that in the stable group (P <0.0001) lends further support to the role of this periodontal pathogen in the development of ACS. The method by which this periodontal pathogen may induce acute coronary symptoms has been discussed by a number of authors. In animal models, Herzberg and Meyer 35, 36 and Herzberg 37 found a clear relationship between specific oral pathogens and their thrombogenic effect. In recent studies, Kuramitsu et al. 29, 38 reported that P. gingivalis exhibits properties that could play a role in CVD by mediating LDL oxidation,foam cell formation, and rupture of the atherosclerotic plaque. In addition, preliminary data from a clinical study involving periodontal pathogens and myocardial infarction showed a significantly higher presence of P. gingivalis and B. forsythus (renamed T. forsythensis) in 97 participants who experienced non-fatal MI compared to 233 control patients who had no heart problems. 13 It was also suggested that the number and species of periodontal bacteria may be directly involved in CAD by contributing to the development of microthrombosis in the atheromatous plaque [35] [36] [37] or by activating the inflammatory cascade. 34 In our patients, the mean P. gingivalis count per patient in the severe CAD group was higher than in the mild CAD group; in fact, in patients with CAD, the P. gingivalis load was significantly higher than in those with normal coronary arteries. Recently, a number of authors have analyzed the relationship between known periodontal pathogens and the development of atherosclerosis in apolipoprotein E-null mice. Their results support the hypothesis that P. gingivalis is indeed involved in the pathogenesis of developing atheromatous plaques in vessel walls. 12, 39 In addition, a recent clinical paper 40 showed a significant association between periodontal pathogen burden and the presence of CHD.
All patients had poor oral hygiene (mean plaque score = 95.61%) and advanced periodontal destruction as defined by percentage of teeth with PD or CAL ‡5 mm. The 100% prevalence of severe periodontal destruction was an unexpected finding that did not allow for the stratification of the patients into groups with different disease severities. This prevalence of severe periodontal destruction is above what would be expected in a normal, age-matched, adult population. 41 Although the extremely high prevalence of periodontitis and poor oral hygiene strongly suggests a relationship with CAD, we cannot rule out that this was caused by the highly selected study population.
An additional finding was the significant negative association of T. denticola and T. forsythensis counts with ACS. This negative association is contrary to recent data reported by Renvert et al. 42 These contradictory results are difficult to explain. They may simply be chance findings or related to differences in the methodology (e.g., probes) and/or the nature of the study populations. On the other hand, these two bacteria may have a direct role in protecting the patients from an acute episode or may indirectly act by inhibiting microorganisms that are believed to have a positive causal relationship with ACS (e.g., Cytomegalovirus, C. pneumonia, P. gingivalis).
CONCLUSIONS
The severity of chronic periodontal disease was shown to be a significant independent factor associated with the severity of CAD. Periodontal bacterial load in general, and in P. gingivalis in particular, is significantly associated with acute cardiac symptoms.
